In emotion research, criticism has been directed to the use of static facial expressions, especially concerning its supposedly low ecological validity. In the present work, we performed a review of studies that directly compared the recognition of emotions using static and dynamic facial expressions. Behavioral, neuroimaging, brain damage and facial electromyography studies, published since 1993 were included. Overall, facial motion seems to promote emotional recognition. Neuroimaging and brain damage studies sustain the idea of a dissociation between the systems responsible to process static and dynamic expressions. Electromyography studies indicated that dynamic expressions tend to elicit more intense responses of facial mimic and are related to a higher physiological activation. Those findings support the hypothesis that dynamic facial expressions are ecologically more valid and therefore more appropriate to emotion research.
I
n recent years, the use of static facial expressions in emotion recognition studies has been questioned (Roark, Barrett, Spence, Abdi, & O'Toole, 2003) . Some criticism is directed at the supposedly low ecological validity of static stimuli, since we need to take into account the temporal aspects of facial motion, which are relevant for emotional recognition in everyday interactions.
Static facial stimuli have been predominantly used in emotion research. Ekman and Friesen (1976) created an important set of standardized photographs of facial expressions of happiness, sadness, fear, anger, disgust, surprise and neutral face, which was widely used in research in the past decades. Since then, other sets of static faces were created, such as the "Japanese and Caucasian Facial Expressions of Emotion -JACFEE" (Biehl et al., 1997) , the "Montreal Set of Facial Displays of Emotion -MSDEF" (Beaupré & Hess, 2005) and the "Nim Stim Face Stimulus Set" (Tottenham et al., 2009 ).
More recently, sets of dynamic expressions have been validated for emotional research, such as "Perception of Emotion Test -POET" (Kilts, Egan, Gideon, Ely, & Hoffman, 2003) and "Amsterdam Dynamic Facial Expression Set -ADFES " (van der Schalk, Hawk, Fischer, & Doosje, 2011 ). An alternative way to create dynamic expressions is to animate sequences of morphing which varies in emotional intensity (Biele & Grabowska, 2006) .
Studies have presented conflicting results concerning the role of motion in the recognition of facial expressions. Some behavioral studies, for example, indicate that facial motion improves the recognition (Ambadar, Schooler, & Cohn, 2005) , whereas others do not find differences between static and dynamic conditions (Kätsyri, Saalasti, Tiippana, von Wendt, & Sams, 2008) . In this context, the question arises as to whether dynamic facial expressions produce different results from static expressions and, if so, what is its impact on emotional recognition research.
In order to evaluate the influence of facial motion in emotion recognition, we conducted a selective review of studies that compared static and dynamic facial expressions. We searched for works related to the topic published until September 2011, including articles in press, indexed to the databases "Science Direct" and "Pub Med". Based on preliminary tests, we chose to search for the expression "Dynamic AND Facial Expressions", which presented the most relevant studies to the review.
We selected 20 papers published since 1993. Studies that exclusively evaluated dynamic or static faces, without comparing the conditions, or works that investigated non-emotional aspects of facial recognition were not included. Interestingly, we observe that most of the publications are recent, with 95.5% of the articles published after 2001.
Review showed that works were divided into three major groups. A series of studies examined the effects of facial motion on the patterns of behavioral responses, such as accuracy in identifying emotions, attribution of emotional intensity and response time. Another set of studies investigated the patterns of brain activation using neuroimaging techniques. A third group of studies recorded electromyographic responses during the judgment or observation of static and dynamic facial stimuli.
Review indicated that motion affects behavioral responses, enhancing emotional recognition, and that static and dynamic conditions are associated to differential brain activation. In the following sections, we present the main findings of the review and discuss their implications in the emotion recognition area.
Recognition of static and dynamic facial expressions: behavioral studies
Throughout the review, we found that many studies support the hypothesis that motion is not redundant information, but it improves the recognition or, at least, it affects behavioral performance. Recio, Schacht and Sommer (2011) reported an advantage for the recognition of dynamic compared to static facial expressions of happiness, but found no differences between conditions for anger expressions. Fujimura and Suzuki (2010) investigated the recognition of pleasant (joy, excitement and relaxation) and unpleasant facial expressions (fear, anger and sadness) presented in central and peripheral visual fields in the static and dynamic conditions. They found that only dynamic expressions of anger were better recognized in the peripheral region, which would be associated to a greater sensitivity to detect emotional salience linked to motion in this region. In a study combining behavioral responses and neuroimaging, Yoshikawa and Sato (2006) found that dynamic facial expressions, compared with static expressions, increased reports of emotional experience and promoted a wider activation of the visual cortices, right inferior frontal gyrus and amygdala.
In brain injury studies, importance of motion has been demonstrated. Adolphs, Tranel and Damasio (2003) report the case of a patient with extensive bilateral brain damage who could recognize only happiness in static images, whereas in dynamic presentations he was able to recognize different emotions, suggesting the existence of a dissociated neural substrate to process dynamic and static faces. Information regarding action mainly depends on the functioning of dorsal and parieto-occipital cortices, preserved in the patient. His injured regions (bilateral anterior and posterior temporal lobe and medial frontal cortex) could not process static stimuli efficiently in order provide the necessary information for recognition. Humphreys, Donnelly and Riddoch (1993) reported the case of a patient with a significant impairment to discriminate emotion and sex from a static face, but who could normally identify these characteristics in moving points of light. Likewise, that case suggests a separate codification to dynamic and static faces.
Some studies indicated that motion affect the recognition of emotions in clinical populations. Uono, Sato and Toichi (2010) found that individuals with Pervasive Developmental Disorder and voluntary controls had similar responses, perceiving dynamic expressions as more exaggerated. Other studies, however, failed to find differences between conditions. Kätsyri et al. (2008) , for example, observed a similar performance in participants with Asperger Disorder and controls regarding the recognition of static and dynamic faces.
In a study with healthy volunteers, Ambadar et al. (2005) investigated whether differences between static and dynamic conditions resulted from the motion itself or due to other feature of the stimulus. Stimuli presentation was manipulated in four experimental conditions. In a condition named single-static, they presented a mask (random visual noise) for 200 m followed by a facial expression until the participant judged the emotion. In the dynamic condition, a sequence of three to six frames was present, beginning with the neutral and finishing with the emotional face, with each frame lasting for 33 m. In the multi-static condition, the same frames of dynamic condition were presented during 500 m, interspersed with a visual noise of 200 m. In the firstlast condition, they presented the first frame of the sequence (neutral face) followed by the last one (emotional face). Results indicated an advantage on recognition of the dynamic and firstlast conditions compared to others. The advantage of the dynamic condition over the multi-static condition indicate that the benefit of the motion is not due to the fact that the motion provides more quantity of static information, since in both conditions the same number of frames was presented.
Other studies showed that variables as sex of participant and velocity of presentation of the stimulus can affect the recognition of dynamic expressions. Biele and Grabowska (2006) , for example, observed that motion produced an increase in the perceived emotional intensity of dynamic faces of happiness and anger when judged by women. As for men, motion increased only the intensity of anger, but not happiness. Kamachi et al. (2001) modified the presentation time of dynamic expressions created by the animation of sequences of morphings. They found that sadness was identified more precisely at low speed. Happiness and surprise were better recognized in fast sequences and anger at intermediate speed. Difference between conditions was not attributed to the duration of the videos, but to the motion itself.
Despite evidence of motion on improving recognition, some studies found no differences between dynamic and static conditions. Fiorentini and Viviani (2011) created faces combined by two different emotional faces (e.g., anger and fear, fear and sadness, happiness and disgust). Dynamic stimuli were generated N.T.Alves by a procedure in which videos of two facial expressions were combined frame by frame to generate an intermediate expression.
Participants had to identify which emotion predominated. Results revealed no systematic differences between conditions with respect to the accuracy and reaction time for recognition. Main findings and characteristics of behavioral studies are presented in Table 1 .
Recognition of static and dynamic facial expressions: neuroimaging and facial electromyography studies
Neuroimaging studies revealed differences in brain activation for static and dynamic faces (Table 2 ). According to some findings, dynamic faces elicit more widespread patterns of brain activation than static faces. In an fMRI study, Trautmann, Fehr and Herrmann (2009) recorded brain activation in a procedure in which participants passively watched to static and dynamic expressions of disgust, happiness and neutral face. Compared to static faces, dynamic expressions increased activation in parahippocampal gyrus and amygdala, fusiforme gyrus, superior temporal gyrus, inferior frontal gyrus, and occipital and orbitofrontal cortices, which are regions involved, respectively, with processes of memory encoding, threat assessment, face recognition, biological motion, mirror neuron system, and increase of the emotional activity and reward processing. According to the authors, findings provide support to the idea that dynamic facial expressions would be more appropriate to study the perception of emotional expressions. Sato, Kochiyama, Yoshikawa, Naito and Matsumura (2004) found an activation, especially in the right hemisphere, of the inferior occipital gyrus, medial temporal gyrus and fusiform gyrus during the observation of dynamic facial expressions of happiness and fear. Arsalidou, Morris and Taylor (2011) , in a meta-analysis and empirical study, found that dynamic facial stimuli tend to increase the activity in regions associated with emotional processing and interpretation of social signals.
Motion also seems to affect how the amygdala integrates information from gaze direction and expression. Sato, Kochiyama, Uono and Yoshikawa (2010), showed dynamic and static expressions of anger and happiness with the eye gaze directed toward the participant or elsewhere. They found that the left amygdala responded to the interaction between condition of expression and gaze direction, showing greater activity when dynamic but not static faces had eye gaze directed toward the participant.
Neuroimaging studies suggest the existence of a distinct neural substrate for the processing of static and dynamic facial stimuli. Kilts et al. (2003) , using Positron Emission Tomography (PET), found that during the evaluation of static and dynamic happy faces there was a differential pattern of activation involving extra-striate cortex, area V5, spinal cord and temporomedial cortical regions. During the evaluation of faces of anger, there was a difference between static and dynamic conditions involving the activation of superior temporal sulcus, area V5, peri-amygdaloid cortex and cerebellum. Kessler et al. (2011) found a differential activation during observation of static and dynamic expressions. Regardless of the valence, dynamic faces selectively activated the visual area V5, the fusiform gyrus, the thalamus, the bilateral superior temporal sulcus and other frontal and parietal areas. Static expressions of happiness were associated with an increased activity in the medial prefrontal cortex. According to the authors, the activity of the superior temporal sulcus and area V5 confirms previous findings indicating the relevant role of those regions in the processing of biological motion.
The review identified another set of studies, which compared facial electromyograpic (EMG) responses during the perception of dynamic and static facial expressions. Sato, Fujimura and Suzuki (2008) recorded EMG activity of the corrugator supercilii and zygomatic major muscles to expressions of anger and happiness. Compared to the static display condition, they found that dynamic faces of anger induced more EMG activity in the corrugator muscle of the eyebrow, whereas dynamic faces of happiness promoted greater activity of the zygomatic major muscle. This means that dynamic stimuli caused more intense responses of facial mimic than static stimuli.
Using a similar procedure, Rymarczyk, Biele, Grabowska and Majczynski (2011) compared EMG activity and attribution of emotional intensity to static and dynamic facial expressions of happiness and anger. They found that dynamic faces received higher scores on emotional intensity and that participants responded to the viewing of the happy face increasing the activity of the zygomatic major and decreasing the activity of the corrugator supercilii. Faces of anger caused no changes in the zygomatic muscle and promoted small changes in the corrugator supercilii, but without significant differences between static and dynamic conditions.
In another study, Sato and Yoshikawa (2007) discreetly filmed the faces of participants as they watched dynamic and static expressions of anger and happiness. After, they coded facial reactions using the Facial Action Coding System (FACS) (Ekman & Friesen, 1978) , which permits to identify visually the patterns of contraction or relaxation of the facial muscles. During the dynamic condition, facial muscles reacted in accordance to the observed expression, indicating that motion elicits spontaneous facial responses in observers. In this work, Sato and Yoshikawa (2007) showed that dynamic expressions not only elicit more pronounced facial mimic responses, but can also be visually detected by an outside observer.
Discussion
We conducted a review of studies that directly compared static and dynamic presentation of facial expressions, including behavioral, neuroimaging, brain injury and facial electromyography research.
Most of the publications identified are recent, concentrated in the last decade. We consider that the growth in the number of works employing dynamic faces may represent a response to the criticisms to static stimuli. According to Fiorentini and Viviani (2011) , static faces are an impoverished representation of real stimuli, since facial expressions are inherently dynamic. Furthermore, the interpretation of affective states in interpersonal relationships depends on a constant monitoring of changes in facial expressions that occur from moment to moment (Sato & Yoshikawa, 2008) . From this perspective, dynamic facial expressions are more similar to natural stimulus, therefore with a greater ecological validity (Ambadar et al., 2005) .
The body of work investigating behavioral responses indicates that motion is a relevant variable for the recognition of facial emotions. In general, studies show that dynamic expressions, even when produced from animations of morphings or moving points of light, tend to favor the recognition of facial expressions. This advantage is reported in studies with brain damage (Adolphs et al., 2003) , clinical populations and healthy volunteers (Ambadar et al., 2005) .
In literature of emotion recognition, we can consider that some of the works conducted exclusively with static faces, such as cross-cultural studies, could produce different results if dynamic stimuli were employed. Regardless evidence on universality of recognition of facial expressions, criticisms to cross-cultural studies have been done, such as those concerning methods that could bias judgments of the participants and discrepancies in the categorization of emotions (Russell, 1994) . For example, studies with isolated peoples, such as the Fores and Danes of Papua New Guinea, indicate culture may influence recognition. Compared to Westerners, Fores tended to confuse expressions of surprise and fear more often, while the Danes confuses anger and disgust (Ekman & Friesen, 1971) .
Likewise, cultural differences may affect the emotional intensity perceived in the face. Biehl et al. (1997) found that nonWestern cultures tend to attribute greater intensity to faces of fear, while Western cultures consider faces of happiness more intense. Differences between countries are also found. Inhabitants of Sumatra perceived contempt with less intensity than Hungarians, disgust less intensely than Japanese, and happiness with a lower intensity than the other countries studied.
Disagreements in categorization of emotions are usually explained in terms of cultural particularities in expression and interpretation of facial emotions. Ekman (1999) attributed these differences to "display rules", which means the way in which a culture normalizes about when, where and how an expression should occur. Thus, one might question whether the use of more valid ecologic stimuli, such as dynamic facial expressions, could produce different results compared to static faces. If motion really contributes to the recognition, differences between cultures would be attenuated.
In the same direction of behavioral studies, neuroimaging studies indicate that static and dynamic faces are differently processed. Dynamic stimuli tended to produce more generalized responses of brain activation (Trautmann et al., 2009) , elicit more activity in areas associated with the interpretation of social signals and processing of emotions (Arsalidou et al., 2011) and produced faster responses in visual areas when compared to static stimuli (Recio et al., 2011) . Those findings are consistent with brain damage studies, which indicate that the recognition of static and dynamic facial expressions are dissociated (Adolphs Humphreys et al., 1993) . Electromyography studies showed that dynamic facial expressions tended to elicit more movements of facial mimic. For example, producing greater EMG activity in the corrugator muscle of eyebrow during the viewing of dynamic faces of anger and more activity of the zygomatic major during dynamic faces of happiness . Similarly, facial responses to dynamic stimuli were intense enough to be perceived by an outside observer (Sato & Yoshikawa, 2007) . Facial mimic may be associated to an increase of the functioning of the mirror neuron system, which fires when someone acts as well as when one observes the same action being performed by another individual. Sato et al. (2004) found an increase in the activation of the inferior frontal gyrus during observation of dynamic faces, which is the homologous brain region of monkeys where mirror neurons were discovered (Gallese, Fadiga, Fogassi, & Rizzolatti, 1996) . Therefore, EMG studies reiterate the distinction between static and dynamic information processing.
Conclusions
We reviewed behavioral, neuroimaging, brain injury and electromyography studies that compared the recognition of static and dynamic facial expressions. We found that motion influences emotional recognition, in general, contributing to a better performance in the tasks. Neuroimaging and brain lesion studies support the idea of a dissociation in the processing of static and dynamic facial expressions, which would recruit different brain areas. Overall, EMG studies showed that dynamic expressions elicit more intense facial and physiological responses in observers.
Findings reinforce the hypothesis that dynamic expressions are ecologically valid stimuli and closer to real situations of social interaction. We recommend the composition of new sets of dynamic expressions, which can significantly contribute to the emotion recognition research area.
